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The asymmetric unit of the title complex, [Cu 2 (C g H 4 N0 6 )2- 
Cl 2 (C 10 H 8 N 2 ) 2 ]-2H 2 O, contains two half binuclear complex 
molecules and two solvent water molecules; the complete 
complex molecule is generated by the application of a centre 
of inversion in each case. Each independent Cu 11 cation is 
penta-coordinated within a distorted square-pyramidal envir- 
onment defined by a two At 2 -0 atoms (derived from two 2- 
carboxy-5-nitrobenzoato anions), two N atoms (bipyridine 
ligand) and one CI. Binuclear species are assembled into a 
two-dimensional supramolecular architecture parallel to (Oil) 
by O-H- ■ O and O-H- ■ CI hydrogen bonds. 



Experimental 

Crystal data 

[Cu 2 (C 8 H4NO 6 ) 2 Cl 2 (C 10 H 8 N 2 ) 2 ] ■ - 

2H 2 0 
M r = 966.62 
Triclinic, PI 
a = 9.1090 (12) A 
b = 12.3571 (17) A 
c = 17.024 (2) A 
a = 92.684 (2)° 

Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2003) 
r mi „ = 0.854, r maI = 0.899 

Refinement 

R[F 2 > 2a(F 2 )] = 0.052 

wR(F 2 ) = 0.149 

S = 1.05 

6505 reflections 

555 parameters 

12 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



P = 101.551 (2)° 
y = 92.493 (2)° 
V = 1872.6 (4) A 3 
Z = 2 

Mo Ka radiation 
li = 1.36 mm -1 
T = 293 K 
0.12 x 0.10 x 0.0? 



13021 measured reflections 
6505 independent reflections 
4541 reflections with / > 2cr(/) 
R<„, = 0.036 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 1.27 e A~ 3 

APmin = -0.47 e A~ 3 



D-H-A 




D—H 


H-A 


D- ■ A 


D-H-A 


03-H3/1- ■ 


014' 


0.82 


1.87 


2.664 (6) 


164 


012-H12.4 


■013 


0.82 


2.03 


2.611 (8) 


127 


013-H1W- 


■ -014 


0.83 (1) 


2.64 (5) 


3.229 (7) 


129 (5) 


013-H2W- 


■ Cll" 


0.84 (1) 


2.34 (2) 


3.168 (5) 


169 (8) 


014-H3W- 


■Oil 


0.83 (1) 


2.20 (3) 


2.992 (7) 


158 (8) 


Q14-H4W- 


■ 05" 


0.83 (1) 


2.30 (5) 


3.010 (6) 


143 (7) 



Symmetry codes: (i) — x, —y + 1. — z + 1: (ii) — x + 1, — y + 1, — z + 1. 



Related literature 

For an introduction to coordination polymers, see Chen et al. 
(2001); Wang et a/. (200%). For a related structure, see: Wang 
(2009a). 




.2H 2 o 



Data collection: SMART (Bruker, 2005); cell refinement: SAINT- 
Plus (Bruker, 2005); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
XP in SHELXTL (Sheldrick, 2008) and DIAMOND (Brandenburg, 
2005); software used to prepare material for publication: 
SHELXL97. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: IM2329). 
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Bis(/*-2-carboxy-5-nitrobenzoato-/c 2 0 1 :0 1 )bis[(2,2'-bipyridine-/c 2 A r :A^)chloridocopper(II)] di- 
hydrate 



H. Wang 



Comment 



In the field of supramolecular chemistry and crystal engineering, the design and synthesis of coordination polymers have 
been emerging as an ongoing field owing to their structural aesthetics and topologies as well as diverse functional properties 
(Chen et ah, 2001). Thus far, significant advance achieved in this field has led to a lot of promising materials through the 
self-assembly of organic ligands and metal ions. Nevertheless, it still remains a great and long-term challenge to exactly 
predict the molecular structure and functional properties of coordination polymers because of many subtle factors involved 
in the crystallization process (Wang et ah, 20096). As an extension of our work focusing on the assembly of the mixed 
ligands in the presence of metal ions, the title compound (I) was synthesized and characterized by x-ray diffraction (Fig. 1). 

Compound (I) crystallizes in the triclinic system with two half complex binuclear molecules and two water molecules 
in the asymmetric unit. Each copper(II) ion is penta-coordinated exhibiting a distorted square -pyramidal coordination 
sphere. Cu — O and Cu — N bond lengths are in the normal range if compared with those of reported compounds containing 
O — Cu — N segments (Wang, 2009a). Adjacent dinuclear species are assembled into a two-dimensional supramolecular 
framework by O-H—O and O-H - Cl hydrogen bonds (Fig. 2). 

Experimental 

A mixture of CuCl 2 (0.027 g, 0.2 mmol), 2,2'-bipyridine (0.032 g, 0.2 mmol), 4-nitro-phthalic acid (0.042 g, 0.2 mmol), and 
H2O (15 ml) was sealed in a 25 ml Teflon-lined stainless steel reactor which was heated to 115°C. Blue block-shaped crystals 
suitable for X-ray diffraction analysis were separated by filtration (yield: 0.023 g, 24% based on 4-nitro-phthalic acid). 



All non-solvate and non-carboxy H atoms were placed in geometrically idealized positions and treated as riding on their 
parent atoms with C — H = 0.93 A, U^ 0 = 1.2U e q (C) for aromatic atoms. The command 'DFDC has been used to restrain 
the distance of H — O in the water solvate and carboxyl groups as well as bonds CI 9 — C24 and C24 — C23. The 'DELU 
instruction has been used to restrain the displacement parameters of CI 9, C24, and C23) . 



Refinement 



Figures 




Fig. 1. Molecular structure of the title compound. Displacement ellipsoids are drawn at the 
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Fig. 2. A view of the supramolecular structure of (I) (Brandenburg, 2005). 



2 11 2 

Bis(p-2-carboxy-5-nitrobenzoato-K O :0 )bis[(2,2'- bipyridine-K iV:iV)chloridocopper(ll)] dihydrate 



Crystal data 

[Cu 2 (C 8 H 4 N0 6 ) 2 Cl 2 (C i 0 H 8 N 2 ) 2 ] -2H 2 0 

M r = 966.62 

Triclinic, PI 

Hall symbol: -P 1 

a = 9.1090 (12) A 

* = 12.3571 (17) A 

c= 17.024 (2) A 

a = 92.684 (2)° 

(3= 101.551 (2)° 

y = 92.493 (2)° 

V= 1872.6 (4) A 3 



Z = 2 

P(000) = 980 

D x = 1.714 MgnT 3 

Mo i&x radiation, X = 0.71073 A 

Cell parameters from 2695 reflections 

6 = 2.3-22.0° 

(j. = 1.36 mm 1 
7=293 K 
Block, blue 
0.12x0.10x0.08 mm 



Data collection 



Bruker SMART CCD area-detector 
diflractometer 

Radiation source: fine-focus sealed tube 
graphite 

Detector resolution: 0 pixels mm" 1 
phi and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2003) 
T min = 0.854, J max = 0.899 
13021 measured reflections 



6505 independent reflections 

4541 reflections with / > 2a(i) 
R int = 0.036 

©max = 25.0°, 

ft = —10^-10 
& = -14->14 
/ = -20^20 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )] = 0.052 



wR(F l ) = 0.149 



5=1.05 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[o 2 (Fo 2 ) + (0.0779P) 2 + 0.7569P] 
where P = (F 0 2 + 2F 2 )/3 
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6505 reflections 
555 parameters 
12 restraints 



(A/0) max = 0.041 
Ap max =1.27eA" 
Apmin = -0.47 e A 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

two quite high residual electron density 

Explain 

The two high residual Q peaks with electron density with 1.27 and 1.22, respectively, are located near the 4-nitrophthalic acid 
framework, which may be the ghost peaks. This is possible caused due to the poor crystal quality. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




CI 


0.5338 (6) 


0.0982 (4) 


1.0871 (3) 


0.0387 (12) 


C2 


0.4007 (7) 


0.0423 (5) 


1.0863 (3) 


0.0497 (15) 


H2 


0.3943 


-0.0140 


1.1200 


0.060* 


C3 


0.2752 (7) 


0.0735 (4) 


1.0329 (3) 


0.0479 (14) 


H3 


0.1833 


0.0365 


1.0310 


0.057* 


C4 


0.2821 (6) 


0.1574 (4) 


0.9825 (3) 


0.0403 (12) 


C5 


0.4219(6) 


0.2133 (4) 


0.9861 (3) 


0.0346(11) 


C6 


0.5477 (6) 


0.1831 (4) 


1.0392 (3) 


0.0398 (12) 


H6 


0.6402 


0.2198 


1.0424 


0.048* 


C7 


0.4519(5) 


0.3035 (4) 


0.9327 (3) 


0.0343 (11) 


C8 


0.1464 (6) 


0.1917(5) 


0.9273 (3) 


0.0487 (14) 


C9 


0.8608 (5) 


0.6408 (4) 


0.9097 (3) 


0.0417 (13) 


H9 


0.9122 


0.6038 


0.9522 


0.050* 


CIO 


0.9382 (6) 


0.7197 (5) 


0.8777 (3) 


0.0492 (14) 


H10 


1.0406 


0.7343 


0.8965 


0.059* 


Cll 


0.8582 (7) 


0.7770 (5) 


0.8163 (4) 


0.0567 (16) 


Hll 


0.9068 


0.8322 


0.7943 


0.068* 


C12 


0.7096 (6) 


0.7528 (4) 


0.7883 (3) 


0.0463 (14) 


H12 


0.6560 


0.7903 


0.7468 


0.056* 


C13 


0.6397 (6) 


0.6717 (4) 


0.8223 (3) 


0.0355 (12) 


C14 


0.4773 (5) 


0.6390 (4) 


0.7981 (3) 


0.0344(11) 


C15 


0.3784 (6) 


0.6848 (4) 


0.7381 (3) 


0.0452 (13) 


H15 


0.4122 


0.7385 


0.7086 


0.054* 
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Geometric parameters (A, °) 

CI— C2 1.366 (7) C24— H24 0.9300 

CI— C6 1.375 (7) C25— O10 1.216(6) 

CI— N3 1.466 (7) C25— 09 1.280(6) 

C2— C3 1.392 (8) C26— Oil 1.186(7) 

C2— H2 0.9300 C26— 012 1.321 (7) 

C3— C4 1.384 (7) C27— N5 1.330 (6) 

C3— H3 0.9300 C27— C28 1.375 (7) 

C4— C5 1.411 (7) C27— H27 0.9300 

C4— C8 1.487 (8) C28— C29 1.364 (8) 

C5— C6 1.388 (7) C28— H28 0.9300 

C5— C7 1.520 (6) C29— C30 1.381 (7) 

C6— H6 0.9300 C29— H29 0.9300 

C7— 05 1.233 (6) C30— C31 1.378 (6) 

C7— 06 1.279(6) C30— H30 0.9300 
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lion /c\ 

i is. y p ) 


\k 1 1 -) "7 

JN j — Cz / — hlZ 1 


lion 

lis./ 


s ( • i XT'! 

Co — CI — IN 3 


in o /c\ 
11 /.6 (j) 


no r"»7 ut7 
Czo — Cz / — hlz / 


1 1 O "7 

118./ 


CI — Cz — C.5 


11 /.I (5) 


nn no 

Czy — Czo — Cz / 


1 1 A A fZ\ 

ny.u (5) 


CI — Cz — Wl 


111 c 

121.5 


no no i no 
Czy — Czo — hlzo 


12U.5 


C3 — Cz — hlz 


ni c 
121.5 


pto TjTO 
Cz / — Czo — hlzo 


12U.5 


C4 — C3 — Cz 


122.4 (5) 


pio ptn pin 
Czo — Czy — C3U 


liy.i (5) 


C4 — C3 — hi 3 


nop 
116.6 


pio no 1 1 ->n 

Czo — Czy — hlzy 


1 OA 1 

12U.i 


C2 — C3 — H3 


118.8 


Pld pon TTTA 

CiO — C29 — H29 


120.3 


C3— C4— C5 


118.4 (5) 


C31— C30— C29 


119.5 (5) 


C3— C4— C8 


121.8 (5) 


C31— C30— H30 


120.2 


C5— C4— C8 


119.8(5) 


C29— C30— H30 


120.2 


C6— C5— C4 


119.7(5) 


N5— C31— C30 


120.7 (4) 


C6— C5— C7 


114.7(4) 


N5— C31— C32 


114.7 (4) 
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/~m f~*H 

C4 — CD — C / 


Izj.o (4) 


CI — Co — Cj 


ny.z (p) 


P i pz; ttz; 

Cl — Co — rio 


1 in a 
1ZU.4 


f p/r Tj/r 

Cj — Co — hlo 


1 on a 
1ZU.4 


(\r f^~i (~\r 

U j — C / — Oo 


lZ4.y P) 


p,c CI f ' Z 

Uj — C / — C J 


1 lo.o p J 


f\s p-7 s • r 

Uo — C / — C J 


llo.U (4) 


<J4 — Co — <J3 


123.Z (0) 


Pi A /"ID p,1 

<J4 — C 0 — C4 


123.3 P) 


/"VI /"^Q /"M 

U3 — Co — C4 


111 c /c\ 

113. j P) 


xt 1 pn pi a 

JN 1 — Cv — C1U 


Izz.y [J) 


mi pn 1 in 
JN 1 — CV — riy 


no/; 
1 lo.o 


Pin /^n on 
C 1 U — CV — riy 


110/" 

1 lo.o 


PO pin pi 1 

CV — C1U — Cll 


117.7 (5) 


PQ p 1 pi I I 1 pi 

\Jy — C 1 U — Jri 1 U 


ni 1 

1Z1.1 


pi 1 pin 1 1 1 pi 
CI 1 — C1U — rilU 


111 1 

121.1 


? pi 1 pi n 

1 z — l^- 1 1 — \^ 1 u 


1ZU. 3 \ J ) 


C12 — Cll — Hll 


119.9 


CIO— Cll— Hll 


119.9 


Cll— C12— C13 


118.9(5) 


Cll— C12— H12 


120.6 


C13— C12— H12 


120.6 


Nl— C13— C12 


122.0 (5) 


Nl— C13— C14 


114.0(4) 


C12— C13— C14 


124.0 (4) 


XT? C 1 A r 1 5 




M? p 1 ,j p 1 t 

IN Z — 1^ 1 *t — 1^ 1 3 


1 1 A A tA\ 
1 1^1. 4 ^ J 


C15 — C14 — C13 


124.5 (5) 


C16— C15— C14 


119.4 (5) 


C16— C15— H15 


120.3 


C14— C15— H15 


120.3 


C15— C16— C17 


119.6(5) 


C15— C16— H16 


120.2 


C17— C16— H16 


120.2 


C16— C17— C18 


118.8(5) 


P1 f. pi 7 H1 7 


120.6 


n 0 p 1 "7 un 
CIS — CI / — HI / 


12U.6 


JN2 — Cla — CI / 


122.2 (5) 


JN2 — Clo — HI 5 


1 1 0 n 


CI / — Cla — His 


1 1 0 n 

iis.y 


n a p 1 n ~kta 
C24 — C19 — JN4 


1 in n //;\ 
12U.U (6) 


pi /i pin pin 
C24 — C 1 9 — C2U 


111 0 //;~i 

121.8 (6) 


N4— CI 9— C20 


118.2 (6) 


C21— C20— C19 


116.8(6) 


C21— C20— H20 


121.6 


CI 9— C20— H20 


121.6 


C20— C21— C22 


120.1 (5) 



p ~> r\ pq 1 pqi 
C3U — C31 — C32 


1 ">A £. fA\ 

124.0 (4) 


X T/J PIT pi Q 

JNo — C32 — C33 


1 ti c. ( A\ 

Izl.o (4) 


XTiC PTO PQ 1 

JN 0 — C32 — C3 1 


1 1 A O { A\ 

1 14.0 (4) 


pi i pn pq 1 
C33 — C32 — C3 1 


1 n 1 sa\ 
123./ (4) 


pi /i pq q pn 
C34 — C33 — C32 


HO.4 (J) 


PQ /| p i Q I 1 1 1 

C34 — C 3 3 — Jri 3 3 


IZU.o 


PQO pQ Q 1 in 

C32 — C33 — rl33 


1 on 0 
IzU.o 


pif PQ /I PQ Q 

C3j — C34 — C33 


1 in i 

IzU.z p) 


pif PQ A TTQ A 

C3j — C34 — rl34 


iinn 

1 iv.v 


P Q Q P Q /| 1 11 1 

C33 — C34 — rl34 


iinn 


PQ /I PQC P^Q P. 

C34 — C 3 j — C 3 0 


1 1 O A ( Z\ 

11 0.4 p) 


PQ A PQC I I Q C 

C34 — C3j — rl3j 


1 m 0 
IzU.o 


ac PIC 1 I") r 

C3o — C3j — rl3!) 


1 in 0 
IzU.o 


X T/J PQ/T PQC 

JN 0 — C3 0 — C3 j 


Izz.o (j) 


\T/T pi/ III/, 

JNo — C3o — rl3o 


1 1 0 £ 

llo.o 


pif / • Q /" 111/ 

C3j — C3o — rl3o 


1 1 0 /: 

1 lo.o 


WO vUl IN 1 


1 / J .UJ ^ 1 '-rj 


O6— Cul— N2 


94.41 (15) 


Nl— Cul— N2 


81.37 (16) 


O6— Cul— Cll 


90.06 (10) 


Nl— Cul— Cll 


94.74 (11) 


N2— Cul— Cll 


162.02 (12) 


O6— Cul— 06* 


78.33 (13) 


Nl— Cul— 06* 


99.69 (14) 


N2 — Cul — 06' 


98.93 (14) 


pi 1 P,, 1 Pi/Cl 

Cll — Cul — Uo 


99 rn (9, 


HQ Pn? Mx 

v / V L LU IN J 


1 74 18 nil 


09— Cu2— N6 


93.77 (14) 


N5— Cu2— N6 


81.05 (15) 


09— Cu2— C12 


90.70 (10) 


N5— Cu2— C12 


95.02 (11) 


N6— Cu2— Cl2 


162.80 (12) 


09— Cu2— 09" 


79.29 (13) 


N5— Cu2— 09" 


98.40 (13) 


N6 — Qj2 — 09" 


94.85 (13) 


pn Pni pin 11 

C12 — cu2 — uy 


1 n? (9\ 


pn "\ti pit 
cy — JN 1 — CI 5 


1 1 O 1 { A\ 

11 5.2 (4) 


pn \ti p,, 1 
cy — JN 1 — Cul 


126.5 (3) 


P 1 1 M 1 Pn 1 

C13 — JN 1 — Cul 


115.3 (3) 


P 1 O "\T1 P 1 A 

CIS — JN2 — C14 


1 1 0 n { a\ 
lls.y (4) 


P 1 O P,, 1 

C 1 5 — JN 2 — CU 1 


126.2 (3) 


P 1 A Ml P.. 1 

C14 — N2 — Cul 


1 1 A n 

ii4.y (3) 


02— N3— Ol 


122.5 (5) 


02— N3— CI 


119.2 (5) 


Ol— N3— CI 


118.3 (5) 


O8— N4— 07 


124.9 (7) 


O8— N4— C19 


117.6 (7) 
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nn rii nc 
CZU — CZ 1 — CZ j 


115.7 (5) 




pt) ni nc 
CZZ — CZ 1 — CZ j 


123.5 (D) 




n-i m poi 
CZ3 — CZZ — CZ 1 


III. 2 (0) 




KsLj C-ZZ K^ZO 


1 1 O.J (D) 




C21 — C22 — C26 


120.2 (5) 




C22— C23— C24 


120.8 (7) 




C22— C23— H23 


119.6 




C24— C23— H23 


119.6 




C23— C24— C19 


119.3 (6) 




C23— C24— H24 


120.4 




CI 9— C24— H24 


120.4 




O10— C25— 09 


125.3 (5) 




O10— C25— C21 


118.3 (4) 




09— C25— C21 


116.2 (4) 




Oil— C26— 012 


123.2 (6) 




Oil— C26— C22 


123.6 (6) 




012 — C26 — C22 


113.1 (6) 




Symmetry codes: (i) —x+l, ~y+l, - 


i ^ t /1 1\ i 1 

z+2; (n) -x+l, - 


-y+2, -z+1. 


Hydrogen-bond geometry (A, °) 






D—H-A 




D — H 


03— H3A-014 m 




0.82 


012— H12A-013 




0.82 


OB— H1W-OH 




0.83 (1) 


OB— H2W-Cll iv 




0.84 (1) 


014— H3W-OH 




0.83 (1) 


014— H4W-05 iv 




0.83 (1) 



Symmetry codes: (iii) -x, -y+l, -z+1; (iv) -x+l, -y+1, -z+1. 



07— N4— C19 117.3(7) 

C27— N5— C31 119.0(4) 

C27— N5— Cu2 126.4 (3) 

C31— N5— Cu2 114.6(3) 

C36— N6— C32 118.6(4) 

C36— N6— Cu2 126.6 (3) 

C32— N6— Cu2 114.7(3) 

C8— 03— H3A 109.5 

C7— 06— Cul 113.7(3) 

C7— 06— Cul ; 141.6(3) 

Cul— 06— Cul 1 101.67(13) 

C25— 09— Cu2 116.4(3) 

C25— 09— Cu2 H 142.6 (3) 

Cu2-09-Cu2 n 100.71 (13) 

C26— 012— H12A 109.5 

H1W— OB— H2W 108(3) 

H3W— OH— H4W 110(3) 



H-A D-A D—H-A 

1.87 2.664 (6) 164. 

2.03 2.611 (8) 127. 

2.64 (5) 3.229 (7) 129 (5) 

2.34 (2) 3.168 (5) 169(8) 

2.20 (3) 2.992 (7) 158 (8) 

2.30 (5) 3.010 (6) 143 (7) 
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